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Studies of baryonic B meson decays at BABAR

This Talk

eRecent Results on baryonic
B decays

B > ANprnn
B ->X"prnn
B> Alppp
B’ — D°AA

(charge conjugation implied throughout)

Physics Reach

B-physics

m CP Violation & Mixing, CKM
matrix elements, hadronic,
leptonic & semi-leptonic decays,
penguin decays, etc

Tau physics

Initial state radiation (ISR)
Bottomonium spectroscopy
Two-photon physics
Beyond the Standard Model
More
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Motivation — baryonic B Decays

In general, B decays provide an important platform
for understanding CP-Violation and the CKM
mechanism

— Does it contribute to baryon asymmetry?

Baryonic modes involve strong interactions in

hadronization and final state interaction — study
fragmentation, QCD models, etc.

Poorly understood details of baryonic B decays need}
study

Measurements of rare modes improve our model
constraints and can signal new physics
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Baryonic B decay detailed motivation

Examples for baryonic B-decays (PDG values)

4 . )

* 6.8% of all B decays are baryonic B%/B- branching fraction

* Fewer than 10% of these are decay mode [x1074]
accounted for via exclusive modes! ATp 0.20 & 0.04
\° What about the rest? ) ATpr— 284+08
AT prO 1.9+05

. 4+

" Hou and Soni (PRL 86, 4247): for B D ATI K 8.7 £3.5
baryonic decays, energy must be taken Ac g T 22x7
away by particles other than baryons D™ pp 1.0£0.1
yobyp ! bary _ D*tpn 14 + 4
» Threshold enhancement in baryon anti- DO%A 0.14 + 0.03
baryon invariant mass Ap < 0.003
> Suppression of two-body baryonic B Aﬁz; 0.031 +0.003
ppK 0.027 4+ 0.003
decay modes pp K~ 0.055 + 0.005

» £ (2-body)< 4 (3-body) < 2 (4-body)

Relative effects of resonant substructure

and fragmentation on branching fractions? *ARGUS Collaboration,

ZP €56, 1 (1992)
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Kinematics of B Decays

« Fully reconstructed B mesons: two variables are commonly used (exploiting
the precise knowledge of the beam energy):

Monte Carlo

> x10°
= 40
(a\]
AFE = Eneas — Epeam £ 20
20 -
0.2 0.0 02 -02 0.0 0.2
AE (GeV) AE (GeV)
& :
= 600F
o 400F
_ 2 N2 = 200F
mpgs — \/Ebeam Pieas 3 o .
- 5.26 5.28 5.26 5.28
m ¢ (GeV) m¢ (GeV)
Signal Background

. Dominant background: gg (g =u, d, s, ¢ ), exhibiting a jet-like topology (BB
events are more “spherical”).

« We separate/suppress the continuum background, combining several
variables sensitive to the event shape.
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C

* There are many possible resonances — will this
affect the total branching fraction?

(Alzm*)= X" (2455), %17 (2520), etc.

(Afz™)==0(2455),22(2520), etc.

(pr)= various N, A

* Will a quark difference between Z(C)and Y affect
possible threshold enhancement in m(Z,p)?

467 x10° BB pairs in analysis
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B —> A pﬂ«' 71- Fits [PR D87, 092004 (2013)]
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B’ > A'pr*m” Results  ®iouisviice

Decay mode fitted signal yield branching fraction [10_4]

BO — YT T(2455)pr— 723432 2.134+0.104+0.10 + 0.55

B® — ¥9(2455)prT 347 + 24 0.91 + 0.07 + 0.04 + 0.24

B — YT T(2520)pr~ 4584+ 38 1.154+0.10 & 0.05 + 0.30
* BO — ¥9(2520)prt 87 + 27 0.22 +0.07 + 0.01 £ 0.06

(B® — ApmT 7 pon—_x,. 2728+ 132 794044+04+20

uncertainties: statistical, systematic, and from B(Aj‘ — pK—71)

B(B° = AprT7n )iota = (12.3+0.5+0.7+3.2) x 1074

*First observation this mode Phys. Rev. D 87 092004 (2013)
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Threshold Enhancements ®LoUsViie

B’ — D°pp B > A pn”
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Both involve “meson pole”
Previous measurements from 3-body modes
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More on Threshold Enhancements

B’ —>XI"prn

phase space, N
343638442444648 52
m(E*(2455)p) [GeV/c ]

O
|1||1 TTTT [ TT T T[T T T [ TTTT[TTTT[TT

)

()
s e 0O

ol
ol

2013 Aug 16

Different diagrams for

charged and neutral Sigma

- Difference in both
threshold behavior and
overall production rate.
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Phys. Rev. D 87 092004 (2013)

B to baryons at BABAR — Brown, DPF2013

12




2013 Aug 16

Phys. Rev. D86 091102 (2012)
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PRD 86 091102 (2012)

* Four-body mode, similarto B® — A" pr*m™

— Both are 4-body modes. Similar branching
fraction?

— Fewer resonant substructures available. Suppress
production?

467 x10° BB pairs in analysis
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B — X (2455)pr n Results ®LOUSVILLE
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B~ — X" pn n Resonances ®Louisviiie
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New Result! To be submitted to Phys. Rev. D
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no +—= = LOUISVILLE
b= A ppp
Small phase space is available to this decay, with available

471x10° BB pairs in analysis
kinetic energy ~1/10 of B’ - Alprn'n”
y P

But in baryonic decays, smaller phase space not suppressed?

532 |||\| | R RIS S R L B T 1T

B 5.32¢ T T B
; ASI naI MC (i, gup) =2.6% 3 - E
5“15 g : 5315 data v E
_ e E 5.3 =
O sa9f = B < of * X -
~ 3 | ; 5.29F E
i -:23; _é i 5282— 30 _i
g e E 2 527 =
526 E - 5_26f_BABAR E
5-25;__ S - E s2s- PRELIMINARY =
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Me [GeV/c?] s N meg [GeV/ ]
_ B( A+ — pK—nt) .
) 0 + | T O Q 1n—06 ) O A
B(B® — Alppp) - — <2.8.107% @ 90% CL
Compare: Note:
B(B® — Aprtn iota = (123 4+ 054+ 0.7+ 3.2) x 1074 B(A. - pkr)
less than half is non-resonant 4-body ~ 59
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New Result! To be submitted to Phys. Rev. D
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B(B’ - D’pp)=(1.13£0.10)x10”*

471x10° BB pairs in analysis

2013 Aug 16

[PR D74, 051101 (2006)]

ol

Expect suppression ~1/3 for s quark vs. u
Also suppression ~1/4 due to possible
final states

AR, AZ', IR, 5
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B’ — D"AA Fits LolisviLL
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B’ — D°AA Results ~ ®iousvile

evidence at 3.40 pRE[

I,
, s | _ /
B(B” — DYAA) = (9.875% £ 1.94) x 107° /V"'Ry,

Belle:  Z(B° — D°AA)=(10.57] £0.14)x10"* [PR D79, 052006 (2009)]
Theory: /& (B°— D°AA)=(2340.8)x10"° [ToModP A24, 3638 (2009)]
0 v0 4 0 %0
D2 /10+12 = A =1.5£0.9 consistent with 2
D" AA

Belle, BABAR average

D°AA 1 . .
= consistent with —
D pp 10.6x£3.7 12

2013 Aug 16 B to baryons at BABAR — Brown, DPF2013 22



UNIVERSITY

Summary & Conclusions ®Louss

 BABAR continues producing interesting and
competitive results.

* new analyses improve understanding of baryon production in
B decays, but still ~90% of all channels unknown

* Resonant substructure appears to increase baryonic B decay branching
fractions — not only having extra particles in the final state.

* hadronisation is similar to (jet) fragmentation
(e.g. s quark suppression)

* baryon-antibaryon threshold enhancement is qualitatively understood

(no quantitative theory)
no general “baryon-antibaryon condensate” (see 4-baryon decay)

Thank You!
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PEP Il Delivered Luminosity: 553.34/fb
BaBar Recorded Luminosity: 531.32/fb
BaBar Recorded Y(4s): 432.89/fb
BaBar Recorded Y(3s): 30.23/fb
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7 Runs over the
course of 9 years
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*  First collisions with BaBar
May 26, 1999

Final data taken 12:43 p.m.,
April 7, 2008
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The BABAR Experiment at SLAC ®1iouisviLLE

(. N

Primarily designed for study of
CP-violation in B meson decays
e Quality and general-purpose
design make it suitable for
\_ a large variety of studies Y
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